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Abstract 
Sepsis is a major growing global burden and a major challenge to intensive care clinicians, researchers, 
guideline committee members and policy makers, because of its high and increasing incidence and 
great pathophysiological, molecular, genetic and clinical complexity. In spite of recent progress short 
term mortality remains high and there is growing evidence of long term morbidity and increased long 
term mortality in survivors of sepsis both in developed and developing countries. Further 
improvement in the care of patients with sepsis will impact upon global health. 
In this narrative review, invited experts describe the expected challenges and progress to be made in 
the near future. We focus on resuscitation (fluids, vasopressors, inotropes, blood transfusion and 
hemodynamic targets) and infection control (antibiotics and infection biomarkers) as these areas are 
key, if initial management and subsequent outcomes are to be improved in patients with sepsis. 
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Introduction 
Sepsis remains a major challenge to intensive care clinicians, researchers and policy makers, because 
of its high incidence and mortality and ongoing challenges in early identification [1]. 
   Sepsis is a syndrome, i.e. an artificial construct created for operational purposes. This facilitates 
identification, triage, and activation of specific interventions, prognostication, communication with 
patients, families and care-givers, epidemiology and coding. The ability to create a sepsis construct 
with face validity derives from the many clinical and biological similarities shared by patients suffering 
from a wide range of major infections (e.g. pneumonia, peritonitis, meningitis, pyelonephritis and 
necrotizing fasciitis). Once the innate immune system is activated there are major alterations in 
multiple systems that may lead to multiple organ failure and death [2]. Sepsis remains the commonest 
cause of emergency admission to ICU globally. It is responsible for approximately 11% of all admissions 
to ICUs in high income countries, often in association with older age, comorbidities and the use of 
immunosuppressive medications. Sepsis affects between 3 to 10 per 1000 population per year in such 
countries and carries an associated mortality of between 18-35% [6,7].The epidemiology of sepsis in 
low and middle income countries remains less well understood [1]. The mortality of sepsis appears to 
have progressively decreased over the last decades [6, 7], despite observations  that are confounded 
by changes in coding within administrative databases [8]. 
   In this narrative review, experts invited by the editorial board of Intensive Care Medicine, share their 
insights into key aspects of sepsis diagnosis and specific and supportive treatment with the aim of 
providing a state-of-the art position at this time. This will generate debate, indicates areas of imminent 
progress and contribute to the research agenda. 
Definitions 
The first definitions of sepsis, severe sepsis and septic shock were described in 1992 [9]. These were 
superseded in early 2016 by new definitions (Table 1) developed by an International Task Force [5]. 
The new definitions provide some important adjustments that aim to clarify, simplify, and provide 
greater consistency.  
   The old concept that sepsis simply constitutes a systemic inflammatory response syndrome to 
infection is outdated. Sepsis represents a dysregulated host response that is far more complex than 
just ‘inflammation’ alone. Rather, sepsis comprises dysfunction of multiple pathways including anti-
inflammatory, neural, hormonal, metabolic, bioenergetic, coagulation, and macro- and microvascular. 
Indeed, many of the SIRS criteria (temperature, heart rate, respiratory rate, white count) may simply 
reflect an appropriate host response to infection. SIRS thus fails to clearly differentiate an 
uncomplicated infection that may/may not need antibiotics from the more severe, life-threatening 
condition caused predominantly by an excessive and inappropriate host response driving the 
development of organ dysfunction [4]. Thus, old ‘severe sepsis’ becomes the new ‘sepsis’.  
   The new sepsis definitions are accompanied by specific clinical criteria that offer greater consistency. 
Crucially, these criteria have been informed by analysis of multiple large electronic healthcare record 
databases totalling approximately a million patient episodes of presumed infection [10,11]. 
   In the original 1992 definitions ‘organ dysfunction’ and ‘septic shock’ were too loosely defined. As a 
result, severe sepsis and septic shock were characterized in multiple ways, leading to marked variation 
in incidence and mortality [10]. To achieve uniformity, organ dysfunction is now described by a rise in 
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Sepsis-related Organ Failure Assessment (SOFA) score ≥2 points related to the infection episode, as 
this is associated with a 10% increase in mortality risk [11]. A change in SOFA is required as many 
patients have other acute or chronic comorbidities that yield independent SOFA points not related to 
sepsis. While SOFA has its limitations, particularly the key cardiovascular domain, it is the most familiar 
organ dysfunction scoring system in current use and a rising score correlates well with mortality risk 
[12]. However, two sequential measurements of SOFA are not mandated because patients with 
chronic comorbidities often have known baseline levels of indices, particularly renal (creatinine) and 
hepatic (bilirubin). Similar hospitalized patients, many of whom develop nosocomial sepsis, may have 
baseline levels taken on hospital admission or at a preoperative assessment clinic. In the absence of 
any prior history, it is assumed that, in most cases, the SOFA score will be zero prior to the onset of 
infection.  
   The new definition of septic shock identifies an infected patient with a combination of cardiovascular 
and cellular/metabolic abnormalities that would place them at a much higher risk of death compared 
to having either abnormality alone. For operationalization and consistency, septic shock is denoted by 
both hypotension and hyperlactataemia persisting after adequate volume resuscitation (Table 1).  
   Clearly, defining sepsis and septic shock, and developing clinical criteria to identify such patients, is 
an ongoing iterative process that will further evolve as new insights and novel diagnostics emerge. 
 
Microorganisms and biomarkers 
Biomarkers such as C-reactive protein (CRP), white blood cell count, lactate and procalcitonin (PCT) 
have classically been used to assist in the diagnosis and prognostication in patients with sepsis. Alas 
these biomarkers only offer a moderate diagnostic performance [13] and predictive abilities that do 
not differ greatly from readily available clinical scoring systems [14]. This has prompted intensive care 
physicians and researchers to re-think the everyday use and future visions for biomarkers in sepsis.  
New developments in microbiology and biomarkers may shorten the time to diagnosis of the 
underlining microorganism and identification of its antimicrobial resistance pattern. This should 
optimize the treatment of infection in critically ill patients [15]. Such developments include various 
molecular techniques using nucleic acid testing (NAT) based on pathogen lysis, nucleic acid extraction 
and purification, amplification of nucleic acids by polymerase chain reaction (PCR) and identification 
by various methods, such as ELISA-based hybridization, fluorescence based real-time detection, liquid 
or solid phase microarray detection, sequencing and database recognition [16]. A well-described 
method is Matrix assisted laser desorption / ionization time-of-flight (MALDI-TOF) mass spectrometry 
(MS). This enables identification of isolated colonies of bacteria and fungi from culture in less than one 
hour utilizing an easily implemented, highly accurate, inexpensive and rapid technology [17]. The 
recently launched IRIDICA system, utilizing polymerase chain reaction/electrospray ionization 
(PCR/ESI) mass spectrometry now offers identification of up to 800 pathogens within 6 hours of blood 
sampling without the need to wait for culture positivity [18]. 
   The detection of urinary antigens of Streptococcus pneumoniae and Legionella pneumophila 
serogroup 1 in patients with pneumonia has been used broadly over the last decade. Single or multiple 
(multiplex) panels for the detection of a wide range of respiratory, gastrointestinal and central nervous 
system pathogens (bacteria, fungal, viral and Mycobacterium tuberculosis) have recently been 
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developed. Examples include the BioMérieux Biofire system that may identify pathogens on a wide 
variety of specimens including respiratory secretions, blood and stool and can identify up to 20 
different pathogens [19] and the Xpert MRSA/SA skin and soft tissue infection assay (GeneXpert, 
Cepheid® Inc., Sunnyvale, CA, USA), which is approved for rapid detection (within 1 h) of MRSA and 
MSSA in wounds. When directly applied to synovial fluid and tissue specimens (e.g., bone, muscle, 
fascia, etc.) it also shows promise for the early diagnosis of osteoarticular and chronic prosthetic joint 
infections due to Staphylococci  [20]. 
   In some cases the panels for the early diagnosis of Mycobacterium tuberculosis are accompanied by 
the identification of resistance genes [21–23]. With regard to fungal infections, diagnostics include the 
pan-fungal assay (Fungitell®) test detecting the fungal cell wall component (1 →3)-β-D-glucan as well 
as the platelia enzyme immunoassay (GM-EIA) method that can detect Aspergillus galactomannan in 
serum and bronchoalveolar lavage fluid [24]. A monoclonal antibody (MAb)-based assay detects 
Aspergillus-specific MAb (JF5) using hybridoma technology and an immuno-chromatographic lateral-
flow device as a point-of-care test. An advantage of this method may be detection of Aspergillus 
activity since MAb JF5 binds to an extracellular glycoprotein antigen secreted during the active growth 
of the fungus [24]. 
   Several biomarker-guided antibiotic treatment strategy trials in sepsis have been published over the 
last years, most based upon PCT. In the PRORATA trial (n=621), a PCT-guided treatment strategy 
decreased the duration of an antibiotic course among intensive care patients with suspected bacterial 
infection [25]. A firm conclusion could not be reached, however, due to insufficient power for clinically 
relevant differences in mortality and low adherence to the treatment algorithm. A recent larger trial 
testing basically the same hypothesis, confirmed a reduction in antibiotic use and no apparent harm 
from this strategy [26]. In another trial, 1,200 intensive care patients were randomized to usual care 
vs. a PCT-directed algorithm whereby antibiotic therapy was intensified whenever the biomarker level 
increased [27]. However, the PCT-based strategy failed to improve outcome overall nor in any 
subgroups as compared to usual care, while duration of antibiotic use, mechanical ventilation and ICU 
stay were all lengthened. A strategy of antibiotic escalation based on PCT results should be 
discouraged.   
Targets for future biomarker research and use in sepsis include:  
i) Increasing the availability of novel biomarkers of core pathophysiological processes - not just 
biomarkers of undifferentiated organ dysfunction or pathogen presence. In this way, patients can 
be identified for personalized interventions targeted towards host-specific pathophysiology 
ii) Transcriptomic (gene-activity) analysis that will enable a differentiated patient-specific knowledge 
of host-response mechanisms. Gene expression signatures (activation or suppression) are being 
developed for clinical use [28,29] 
iii) Metabolomic and proteomic analysis in selected patients to further substantiate the 
immunological and metabolic host-response processes driving the key pathophysiology of sepsis 
and its complications [30]  
iv) Conducting trials powered for clinically relevant differences and patient-important outcomes using 
biomarker-guided inclusion and intervention. Candidate surveillance molecules that can 
differentiate the pathophysiological processes in sepsis patients may serve as biomarkers for 
personalized interventions. These include soluble thrombomodulin (profound endothelial damage) 
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[31], surfactant protein D (alveolar lung damage) [32] and gelsolin (capability of host to respond 
adequately to actin release) [33]. By contrast, continuing the quest for the magic bullet biomarker 
for sepsis diagnosis may prove fruitless 
v) Implementing point-of-care biomarker tests especially when standard laboratory test results 
cannot be obtained in a timely manner   
Taken together, correct and rapid therapeutic decisions in patients with sepsis depend on skilled 
intensivists using tools such as modern microbiological methods and novel biomarker-guided 
treatment strategies that have been validated in appropriately powered randomized trials. 
 
Antibiotics 
Current clinical standard of practice for bacterial identification is age-old technology, with often a 48 
hour plus delay. MALDI-TOF and PCR/ESI mass spectrometry systems shorten this wait, with even 
newer technology on the horizon for point-of-care PCR to identify bacteria at the bedside, as described 
above. Currently, ‘best-guess’ empiric therapy is commenced to cover the likely pathogens, including 
resistance patterns, and switching or de-escalating once identification and sensitivities have been 
obtained. 
   The use of broad-spectrum antibiotics causes collateral damage, including overgrowth of potentially 
pathogenic bowel flora. The gut microbiome can change within days [34]. Antibiotic administration 
may cause bacteria in the bowel and other sites to become resistant. The balance between benefit 
and harm of any antibiotic administration should always be considered. Long courses of antibiotics 
often have no benefit and can predispose to overgrowth of resistant flora over normal resident 
commensal flora [35]. 
   The syndromes for which we use antibiotics are insensitive and non-specific. This is especially 
applicable to ventilator-associated pneumonia (VAP) [36] but also occurs in other patient populations 
where infection is difficult to differentiate from non-infectious inflammation, such as 
immunosuppressed patients and those with ventriculitis, burn injury and pancreatitis.  
   While PCT may be helpful in limiting the duration of antibiotic therapy, we need a better biomarker 
of infection in the presence of the ubiquitous inflammatory response [29]. While there may be 
scepticism regarding identification of an ideal biomarker for infection (see above), this would allow 
antibiotic sparing.  
   There are no new classes of antibiotics in the immediate drug pipeline. There are variations on 
current classes with new betalactam-betalactamases (ceftalozane-tazobactam, ceftazime-avibactam, 
ceftaroline-avibactam) and a new aminoglycoside (plazomicin). Importantly, novel monoclonal 
antibody, peptide and phage therapies are being investigated but these are at least a decade away 
from commercialization. We therefore have to use what is currently available but in a rational and 
cautious manner.  Inhaled antibiotics for pulmonary infections seems a logical approach and is being 
used in some countries but exactly how, when, how much and for how long still needs to be refined 
[37].   
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   Therapeutic drug monitoring (TDM) for toxicity of aminoglycosides and glycopeptides has allowed 
the development of easy-to-use immunoassays. While still rare to use TDM for beta-lactam antibiotic 
dosing [38], critically ill patients often need differing doses to the standard dose approved at drug 
registration. With increasing requests for beta-lactam measurements, TDM assays will become more 
commonly used. This need is becoming more important as antibiotic under-dosing may allow bacterial 
regrowth and predominance of resistant organisms [39]. 
 
Resuscitation triggers and targets 
Historically, the evaluation of the relationship between oxygen delivery (DO2) and oxygen 
consumption (VO2) was popular with attempts to place the patient on the independent part of the 
DO2 relationship [40]. However this approach has been abandoned due to the complexity of the 
measurements and the inability to find oxygen delivery-dependent oxygen consumption when using 
non-coupled measurements [41]. An alternative approach of maximizing oxygen delivery was 
proposed, but this often led to treating septic patients with excessive amounts of fluids and inotropic 
agents and was thus also abandoned. 
   The current goals of resuscitation mostly focus on mean arterial pressure, central venous O2 
saturation (ScvO2) and lactate as surrogates of adequate organ perfusion. A mean arterial pressure 
target is used as an indicator of tissue perfusion pressure. Maintenance of an adequate arterial 
pressure is important for organ blood flow distribution; some organs such as the splanchnic organs 
are very sensitive to reductions in arterial pressure. The optimal pressure target is still an issue of 
intense debate [42], but it seems that individualized therapy based on preexisting hypertension and 
response to therapy may be more valuable than standardized blood pressure targets. Even though 
challenged [43], ScvO2 may remain a target in the early resuscitation of patients with a severely 
impaired circulation.  The recent Early Goal-Directed Therapy trials enrolled overall less sick cohorts 
of patients (e.g. most had normal ScvO2 values at inclusion and 20% were not admitted to an ICU and 
observed mortality rates were therefore low). Arguably, it may be that more severely ill patients with 
low baseline ScvO2 may benefit from early resuscitation strategies guided by ScvO2 [44]. Similarly, 
increased lactate levels are associated with a poor outcome and often trigger resuscitation efforts. A 
rapid lactate decrease (sometimes wrongly called lactate clearance) may also be a therapeutic target. 
This target may be difficult to use and interpret because increased lactate levels can be of non-hypoxic 
origin and lactate clearance can be decreased in liver disease. 
   Veno-arterial PCO2 gradients are attractive indicators of tissue perfusion and may even be a future 
resuscitation target. The difference between central venous and arterial PCO2 (PvaCO2), reflects flow 
stagnation. When ScvO2 is abnormal, PvaCO2 mostly reflects a low cardiac output. However, when 
ScvO2 is above 70%, then PvaCO2 may reflect microcirculatory perfusion [45]. In patients with septic 
shock, PvaCO2 values >6 mmHg were associated with poor outcomes in patients who had normalized 
their ScvO2 [46]. Changes in PvaCO2 in the first 6 hours of ICU admission may also be informative; 
patients with an initial PvaCO2 >6 mmHg that normalized with treatment had lower mortality [47]. 
These observations need confirmation in large multicenter cohorts. 
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   It may be that the same blood samples can be used to estimate respiratory quotient. Respiratory 
quotient is computed as CO2 production divided by oxygen consumption. According to the Fick 
equation this ratio can be computed as cardiac output x CO2 content difference / cardiac output x 
arteriovenous O2 difference. Hence, this can be simplified into CO2 content difference / arteriovenous 
O2 difference. This ratio may not only predict the occurrence of VO2/DO2 dependency [48] but may 
also associated with a poor outcome. If so, it may be used to differentiate hyperlactatemia of hypoxic 
and non-hypoxic origin, but this is still controversial. A tentative clinical decision algorithm based on 
veno-arterial PCO2 differences is presented in Figure 1. 
   Finally, the microcirculation may also be an important therapeutic target. Microcirculatory 
alterations are often present in patients with sepsis [49] and are associated with organ dysfunction 
and a poor outcome [50]. At this stage, even though attractive, using the microcirculation as a 
resuscitation target is premature. Even though current technology allows bedside assessment, the 
level of microvascular perfusion that should be targeted remains uncertain. More importantly, which 
agents that should be used to improve the microcirculation require identification. 
 
Fluids 
While fluid resuscitation has an established role in the early treatment of sepsis, there is evidence that 
both the type of fluid used and the cumulative dose administered over the course of the ICU admission 
may independently affect patient-centred outcomes. There is increasing recognition that resuscitation 
fluids must be used with the same caution and care as any other potentially toxic intravenous drug. 
   Following the publication of pivotal randomised clinical trials (RCTs) [51, 52] and updated systematic 
reviews [53], there is compelling evidence that hydroxyethyl starch (HES) solutions are associated with 
increased use of renal replacement therapy and increased mortality in patients with severe sepsis. 
Accordingly, medical regulatory authorities and clinical practice guidelines [54] recommend against 
the use of HES in these patients. Recent international cross-sectional studies have confirmed 
significant reductions in HES usage in critically ill patients [55].  
   While there is little evidence to support the use of colloids over crystalloids in sepsis, there are some 
data to suggest that albumin, used both as a resuscitation fluid [56], or to maintain a serum  albumin 
above 30 g/L [57], may be associated with improved outcome. These results have to be confirmed as 
they were obtained in secondary analyses. The pooled estimates in a recently updated meta-analysis 
did not show improved survival with albumin versus crystalloids in patients with sepsis [58]. 
   There is also some evidence, primarily from observational studies, that 0.9% sodium chloride (saline) 
is associated with the development of a hyperchloraemic metabolic acidosis, particularly when 
administered in higher doses; this may result in the development of acute kidney injury (AKI) and 
increased mortality in critically ill patients, compared to low-chloride containing crystalloids [59]. 
However, a recent cluster cross-over RCT did not demonstrate differences in the rates of AKI nor 
mortality in ICU patients who received either a buffered salt solution or saline, although the power of 
this trial was limited because of a low number of clusters [60]. Several large-scale RCTs comparing 
these crystalloids in high-risk ICU patients are underway to address this key question regarding the 
choice of crystalloid for resuscitation in sepsis.  
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   The development of a net positive fluid balance due to the over-administration of fluid is associated 
with adverse outcomes in patients with sepsis [61]. Strategies to use more restrictive fluid 
resuscitation methods during the early phase of management, and subsequent strategies to remove 
excess fluid or ‘de-resuscitate’ patients during the later phases of recovery, are advocated. However, 
these have not been evaluated in specific process-of-care RCTs in patients with sepsis. There is an 
imperative to conduct these trials and to amend practice guidelines that recommend relatively large 
volumes of resuscitation fluids (e.g. at least 30 mL/kg) [62]. 
 
Vasopressors 
Norepinephrine is the current recommended first line vasopressor in septic shock, to which 
vasopressin may be added [62]. As new vasopressors are developed, there will be new approaches for 
patients with septic shock but also novel questions. Increased vascular leak and endothelial 
permeability are common in septic shock. At least one new vasopressor (selepressin) decreased 
indirect markers of vascular leak in pre-clinical studies [63] and a Phase II RCT (NCT01000649). 
   Vasopressors can produce untoward effects, including organ dysfunction. Increased use of 
catecholamine vasopressors has been associated with an increased rate of atrial fibrillation [42] which, 
in turn, is associated with an increased risk of stroke in patients with sepsis [64]; mitigating this risk 
may also be important. Monitoring vasopressor selection and dose will be complemented by more 
non-invasive cardiovascular assessment (e.g. non-invasive cardiac output, microcirculation) to limit 
vasopressor exposure and allow earlier de-resuscitation. One RCT found that corticosteroids 
significantly decreased the duration of vasopressor use compared to placebo, but did not decrease 
short-term mortality [65]. As the mortality of septic shock has decreased [Gaieski DF, Edwards JM, 
Kallan MJ, Carr BG (2013) Crit Care Med 41:1167–1174. doi: 10.1097/CCM.0b013e31827c09f8], RCTs 
of vasopressors now focus on improving short-term outcomes (such as days alive and free of 
vasopressors with maximum penalty for death (for example NCT02508649). Such approaches may 
eventually be linked to improved long-term outcomes [67].  
    Future vasopressors will have additional potentially beneficial, non-vasoconstricting properties 
(Table 2). Selepressin is a potent, selective vasopressin V1a agonist that is now in a Phase IIB/III pivotal 
multicentre RCT in septic shock. Angiotensin-II decreased norepinephrine requirements in septic 
shock [68] and is now being investigated in a larger multicentre RCT. Methylene blue [69], a cyclic 
GMP blocker, is a potent vasopressor in septic shock that may decrease pulmonary vascular leak [70] 
and deserves evaluation in larger RCTs. 
   A DDAH1 (dimethylarginine dimethylaminohydrolase) selective inhibitor (L-257) may also have 
promise in septic shock [71]. DDAH1 is an enzyme that metabolizes endogenously produced nitric 
oxide synthase inhibitors, principally ADMA (asymmetric dimethylarginine). L-257 increased ADMA 
concentrations, decreased norepinephrine requirements and prolonged survival in two rodent models 
of septic shock [71]. 
A major frontier for vasopressors in septic shock is use of predictive biomarkers (i.e. 
pharmacogenomics) to enrich trial inclusion and ultimately to increase efficacy and safety of 
vasopessors [72]. Pharmacogenomics are applicable to norepinephrine [73], epinephrine, vasopressin 
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[74] and corticosteroids [75, 76] that could better decrease vasopressor dose, duration and adverse 
effects. Predictive biomarkers could also enrich signal for vasopressors in development such as the 
V1a agonist selepressin (plasma angiopoietin-2 because selepressin decreases plasma angiopoietin-2, 
a mediator of increased permeability and the leucyl/cystinyl aminopeptidase (LNPEP) genotype, which 
has been associated with altered vasopressin clearance and activity [74]) and angiotensin-II (such as 
variants of angiotensin II type 1 receptor-associated protein [77]). Protein biomarkers (such as 
cytokines) are also under-evaluated and could also enrish response to vasopresors and corticosteroids 
[76]. 
A predictive biomarker (also known as a companion diagnostic) uses genomics to define enhanced 
efficacy or increased safety with a drug 
(www.fda.gov/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/ucm407297.htm)
. At present about 100 drugs have approved predictive biomarkers 
(www.fda.gov/drugs/scienceresearch/researchareas/pharmacogenetics/ucm083378.htm). 
Predictive biomarkers could be applied to enhance drug efficacy and safety in sepsis; genomic variants 
intersect with the corticosteroid and vasopressin axes for prediction of response to steroids (and less 
so vasopressin), in part because steroid and vasopressin genomic variants are well described in many 
non-septic conditions. Predictive biomarker discovery often follows a candidate gene approach, 
utilizing knowledge of drug receptors, transporters, enzymes that metabolize a drug and drug target 
pathways. Predictive biomarkers can also enhance drug development. Pharmacogenomics (PGx) could 
increase chances of drug development success in sepsis by enriching the heterogeneous population. 
Variants of PCSK9 were associated with outcomes of sepsis and post-treatment of cecal ligation and 
perforation model mice with PCSK9 inhibitors decreased inflammation, cardiovascular dysfunction 
and mortality; thus, PCSK9 inhibition could be an effective target in sepsis (Walley KR, Thain KR, Russell 
JA, et al. Sci Transl Med 2014, 6(258):258ra1). Potential predictive biomarkers/companion diagnostics 
could be also used with recombinant human thrombomodulin, selepressin, angiotensin II, PCSK9 
inhibitor, and esmolol. 
Just as in cancer therapuetics today, another frontier we see is the use of more rational combinations 
of vasopressors each in lower doses and given according to specifc patient vasopressor pathway 
deficits such as vasopressin for vasopressin definciency, angiotensin II for ACE deficiency in ADRDS 
complicated by septic shock, and even use of short-acting beta-blockers such as esmolol [78] in 
patients who are over-sensitzed to and have excessive adrenergic responses. As an example of 
vasopressor combinations, a very recent study showed that vasopressin was used in numerous 
vasopressor combinations in septic shock, but it is unclear how clinicians chose these various 
vasopressor combinations (Russell, J., personal communication). Genomic and other biomarkers could 
assist in more rational selection of the vasopressor combinations. 
 
Inotropes 
Despite the three recent multicentre studies showing that protocolised early goal-directed therapy, 
aiming to achieve specific haemodynamic and haemoglobin targets, does not need to be used 
routinely for all patients with septic shock [43], maintaining an adequate cardiac output is still an 
important part of septic shock management. 
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   Myocardial dysfunction is common in sepsis. Detailed echocardiographic examination reveals that 
myocardial dysfunction can be present even in the absence of a drop in cardiac output or ejection 
fraction [79]. Even if depressed cardiac function is absent at first presentation, myocardial dysfunction 
frequently develops over the first 24 hours. To fully understand the pathophysiological processes 
leading to hypotension and hypoperfusion in an individual with sepsis, detailed echocardiography may 
be required. However, it will be challenging to train all intensivists to perform echocardiography in a 
technically-difficult patient population [80]. Even if only trained to a limited level of practice, they will 
still then require ongoing support to maintain these competencies. Data are needed from high-quality 
trials assessing if the use of echocardiography improves care and outcomes. 
   It remains uncertain what to do when myocardial dysfunction is present. The dangers of using high 
dose dobutamine to increase cardiac output have been known for two decades [81]. The hazards of 
excessive catecholamine stimulation through tachycardia, arrhythmias, myocardial injury and direct 
toxic effects, are all well described [82]. An interesting alternative to catecholamines is levosimendan, 
which has a unique set of actions that make it an attractive possibility for use in sepsis. It sensitises 
the myocardium to calcium by binding to troponin C, increasing myocardial contractility without 
increasing oxygen demand, and it opens vascular smooth muscle potassium channels leading to 
vasodilation. It also appears to protect the myocardium from ischaemic insult and to have anti-
inflammatory properties [83]. Meta-analyses of trials of critically ill patients in general and small trials 
in sepsis suggest levosimendan may improve outcomes [84, 85], but the results of larger ongoing trials 
(ISRCTN12776039) are awaited before its role in sepsis is clear [86]. 
   An alternative approach may be to simply limit catecholamine use or even consider beta-blockers 
for patients who remain tachycardic and on high dose catecholamines. The results of a single-centre 
trial demonstrating reduced mortality (a secondary outcome) with esmolol treatment in this patient 
population are intriguing [78], but beta blockers should not yet be used as part of routine clinical care. 
The intensive care community has learnt that caution should be exercised before widely adopting 
treatment strategies from single centre, unblinded studies with a high control group mortality and a 
large treatment effect [87]. Larger multi-centre trials are required to validate these findings, as well 
as to explore the mechanism of action of beta-blockers. Are they acting simply to reduce heart rate 
and thus potentially improve cardiac performance or do they have other non-cardiac effects? Of note, 
esmolol altered transcription of immune genes in an animal model of septic shock [88], suggesting 
that its mechanism of action could be more than simply decreasing heart rate. The interaction 
between beta-blockers and novel vasopressors/inotropes (e.g. selepressin, angiotensin-II, 
levosimendan) should also be explored. 
  
Blood 
Sepsis and other inflammatory illnesses result in anaemia through multiple mechanisms. 
Haemorrhage and blood sampling contribute, but impaired erythropoiesis is important especially in 
“chronic” critical illness and during recovery. Iron deficiency, whether absolute or functional, may 
contribute and replacement seems logical. Hepcidin, which blocks intestinal iron uptake and promotes 
iron sequestration into macrophages, is up-regulated in inflammatory conditions [89]. However, a 
recent trial in trauma patients found no benefit from intravenous iron therapy [90], while current 
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evidence does not support its use during critical illness. The ongoing IRONMAN trial 
(ACTRN12612001249842) may provide answers, at least for anaemic general ICU populations. The 
risk-to-benefit profile of intravenous iron therapy during sepsis requires future study, because 
potential benefits from increasing erythropoiesis may be offset by increased infections associated 
with iron therapy. Hepcidin measurement is a potential indicator of true iron deficiency during critical 
illness that could provide a precision medicine approach to therapy, and future trials should explore 
its use as a potential biomarker to guide therapy. There are also ongoing trials of hepcidin antagonists 
in chronic anaemia, and these may merit investigation during critical illness.  
   Blood transfusion remains the most effective treatment for anaemia during critical illness, but risks 
from allogeneic blood remain a concern. Recent data are reassuring. A meta-analysis of RCTs found 
no increased infection risk with liberal transfusion, even when restricted to trials in critical care 
patients [91]. Despite the biological plausibility of an important red cell storage lesion effect, the ABLE 
[92] and RECESS [93] trials found no benefit from exclusive use of fresher blood in critical care 
(including sepsis) and cardiac surgery populations, respectively. These RCTs contradict observational 
studies, and suggest that currently supplied blood product is inherently safe. Recent systematic 
reviews indicate the safety of restrictive transfusion triggers for most patients, including the critically 
ill [94]. Most high quality RCTs used a haemoglobin trigger of 70 g/L, but uncertainty remains when to 
use higher thresholds. Recent RCTs however provide some clues. A recent trial in patient with septic 
shock [95] found no difference in outcomes between a haemoglobin trigger of 70 g/L versus 90 g/L, 
including the need for organ support and the rate of ischaemic events. This trial is consistent with the 
lack of effect seen in the protocolised early goal directed therapy trials [43], suggesting that using red 
cells to increase oxygen delivery is not effective in sepsis. A possible exception may be early septic 
shock with clear evidence of inadequate oxygen delivery (low central venous O2 saturation (ScvO2)) a 
finding that was relatively rare in the three recent EGDT trials [43]. The planned individual patient data 
meta-analysis of the three trials may provide answers. 
   Uncertainty still remains for the patient with concurrent cardiovascular disease because these were 
excluded in many trials. Few data are specific to sepsis, although there is physiological plausibility for 
a greater risk of myocardial injury from coronary supply-demand imbalance particularly in septic shock 
where tachycardia and diastolic hypotension may compromise coronary blood flow. A recent 
systematic review of RCTs involving patients with chronic cardiovascular disease, which included 
several critical care trials, also suggested a higher rate of acute coronary syndrome with restrictive 
practice [98]. Clearly uncertainty remains whether a haemoglobin trigger of 70 g/L is safest for septic 
patients with concurrent ischemic heart disease. Such patients have been underrepresented in most 
critical care trials and are at high risk. The National Institute for Health and Care Excellence 
(www.nice.org.uk/) guidance for blood transfusion makes future research in this area a key research 
recommendation for the future. 
 
Perspectives 
The process of care and treatment of patients with sepsis has been vastly improved over the last few 
decades through extensive clinical, investigational and organisational focus. In many therapeutic and 
diagnostic areas there are still work ongoing to facilitate further improvements over the next few 
years (Table 3). Collaborative educational and research initiatives by scientific societies and academic 
groups, and global organisational initiatives including the Surviving Sepsis Campaign, the Global Sepsis 
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Alliance and the World Sepsis Day have all played major roles and should continue to do so. These 
initiatives are run by dedicated colleagues from our community. We can all contribute by taking an 
active part in these organisations or their activities as national, regional or local champions or 
investigators. Together we offer a huge potential; however, it is up to us as individuals in the critical 
care community to make the difference as it is highly unlikely that others will do it for us. Collaborative 
efforts are very much needed if improvements are to continue to be made and to become truly global, 
so that patients with sepsis in all corners of the world may benefit from the care improvements 
obtained to date and from those to come. 
 
Conflicts of Interest 
AP is member of the steering committee and national investigator of a vasopressin trial in septic shock 
sponsored by Ferring Pharmaceuticals; his department is reimbursed for his time. The department 
also receives research funding from Fresenius Kabi and CSL Behring. 
ACG has received speaker fees from Orion Pharmaceuticals. He has consulted for Ferring 
Pharmaceuticals, Tenax Therapeutics and received grant support from Orion Pharmaceuticals, Tenax 
Therapeutics and HCA International with funds paid to his institution. He is the Chief Investigator for 
two NIHR funded trials in septic shock, VANISH – examining vasopressin and LeoPARDS – examining 
levosimendan. 
DDB is member of the steering committee of Surviving Sepsis Campaign. He was PI of the SOAP II study 
that compared dopamine and norepinephrine for the treatment of shock. He is member or 
contributed to the advisory board of Nestlé and Baxter, received honoraria for lectures from Griffols, 
Edwards Lifesciences and Nihon Kohden, and grant or material for research from Edwards 
Lifesciences, Pulsion, LiDCO, Vytech, Cheetah Medical, Nexfin, and Imacor, none of these being 
relevant to the content of this article. 
GD is a member of advisory boards on severe infections for ASTELLAS, PFIZER, BAYER and MERCK, he 
has received honorarium fees for lecture tours from ASTELLAS, PFIZER, MERCK, BAXTER, GILEAD while 
his department is one of the 3 main partners of EU/FP7 project named "MAGIC BULLET". 
JM’s institution, the George Institute for Global Health, Sydney has received logistical support, 
unrestricted grant and reimbursement for travel expenses from Fresenius Kabi in relation to the 
conduct of the Crystalloid vs. Hydroxyethyl Starch Trial; unrestricted grant and reimbursement for 
travel expenses and participation on Advisory Board from Baxter Health in relation to fluid 
resuscitation research; unrestricted grant from CSL Bioplasma in relation to fluid resuscitation 
research. He has received no direct personal remuneration. 
JR reports patents owned by the University of British Columbia (UBC) that are related to PCSK9 
inhibitor (s) and sepsis and related to the use of vasopressin in septic shock. JR is an inventor on these 
patents. JR is a founder, Director and shareholder in Cyon Therapeutics Inc. (developing a sepsis 
therapy). Dr. Russell has share options in Leading Biosciences Inc. JR is a shareholder in Molecular You 
Corp. JR reports receiving consulting fees from Cubist Pharmaceuticals (now owned by Merck; 
formerly was Trius Pharmaceuticals; developing antibiotics), Ferring Pharmaceuticals (manufactures 
16 
 
vasopressin and is developing selepressin), Grifols (sells albumin), La Jolla Pharmaceuticals 
(developing angiotensin II; JR chairs the DSMB of a trial of angiotensin II), CytoVale Inc. (developing a 
sepsis diagnostic), and Asahi Kesai Pharmaceuticals of America (AKPA)(developing recombinant 
thrombomodulin). JR reports having received grant support from Ferring Pharmaceuticals that was 
provided to and administered by UBC. 
MS is a co-investigator of the UK Department of Health-funded LeoPARDs trial examining the role of 
levosimendan in septic shock, and Clinical PI of a large multicentre sepsis biomarker study conducted 
by the UK Ministry of Defence (DSTL). He is Co-PI of a sub-study of the EU Innovative Medicines 
Initiative Combacte-Magnet Program. He sits on advisory boards for Biotest assessing the role of 
immunoglobulins in septic shock, and Bayer’s novel amikacin nebuliser therapy for hospital-acquired 
pneumonia. He chairs the Data Monitoring Committee for InflaRx’s Phase II trial of a novel C5a 
inhibitor. He is also developing a novel tissue oxygen sensor supported by the Wellcome Trust and UK 
Department of Health that is shortly to undergo clinical trials. 
TSW has received consultancy fees to his institution (Edinburgh University) over the past 5 years from 
GE Healthcare and Selex; neither were relevant to the content of this article. 
 
References 
1.  Fleischmann C, Scherag A, Adhikari NK, et al (2015) Assessment of Global Incidence and 
Mortality of Hospital-treated Sepsis - Current Estimates and Limitations. Am J Respir Crit Care 
Med. doi: 10.1164/rccm.201504-0781OC 
2.  Levy MM, Fink MP, Marshall JC, et al (2003) 2001 SCCM/ESICM/ACCP/ATS/SIS International 
Sepsis Definitions Conference. Intensive Care Med 29:530–538. doi: 10.1007/s00134-003-
1662-x 
3.  Rangel-Frausto MS, Pittet D, Costigan M, et al (1995) The natural history of the systemic 
inflammatory response syndrome (SIRS). A prospective study. JAMA 273:117–123. 
4.  Kaukonen K-M, Bailey M, Pilcher D, et al (2015) Systemic inflammatory response syndrome 
criteria in defining severe sepsis. N Engl J Med 372:1629–1638. doi: 10.1056/NEJMoa1415236 
5.  Singer M, Deutschman CS, Seymour CW, et al (2016) The Third International Consensus 
Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 315:801–810. doi: 
10.1001/jama.2016.0287 
6.  Gaieski DF, Edwards JM, Kallan MJ, Carr BG (2013) Benchmarking the incidence and mortality 
of severe sepsis in the United States. Crit Care Med 41:1167–1174. doi: 
10.1097/CCM.0b013e31827c09f8 
7.  Kaukonen K-M, Bailey M, Suzuki S, et al (2014) Mortality related to severe sepsis and septic 
shock among critically ill patients in Australia and New Zealand, 2000-2012. JAMA 311:1308–
1316. doi: 10.1001/jama.2014.2637 
17 
 
8.  Rhee C, Gohil S, Klompas M (2014) Regulatory mandates for sepsis care--reasons for caution. N 
Engl J Med 370:1673–1676. doi: 10.1056/NEJMp1400276 
9.  Bone RC, Balk RA, Cerra FB, et al (1992) Definitions for sepsis and organ failure and guidelines 
for the use of innovative therapies in sepsis. The ACCP/SCCM Consensus Conference 
Committee. American College of Chest Physicians/Society of Critical Care Medicine. Chest 
101:1644–1655. 
10.  Shankar-Hari M, Phillips GS, Levy ML, et al (2016) Developing a New Definition and Assessing 
New Clinical Criteria for Septic Shock: For the Third International Consensus Definitions for 
Sepsis and Septic Shock (Sepsis-3). JAMA 315:775–787. doi: 10.1001/jama.2016.0289 
11.  Seymour CW, Liu VX, Iwashyna TJ, et al (2016) Assessment of Clinical Criteria for Sepsis: For the 
Third International Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA 
315:762–774. doi: 10.1001/jama.2016.0288 
12.  Ferreira FL, Bota DP, Bross A, et al (2001) Serial evaluation of the SOFA score to predict 
outcome in critically ill patients. JAMA 286:1754–1758. 
13.  Tang BMP, Eslick GD, Craig JC, McLean AS (2007) Accuracy of procalcitonin for sepsis diagnosis 
in critically ill patients: systematic review and meta-analysis. Lancet Infect Dis 7:210–217. doi: 
10.1016/S1473-3099(07)70052-X 
14.  Travaglino F, De Berardinis B, Magrini L, et al (2012) Utility of Procalcitonin (PCT) and Mid 
regional pro-Adrenomedullin (MR-proADM) in risk stratification of critically ill febrile patients 
in Emergency Department (ED). A comparison with APACHE II score. BMC Infect Dis 12:184. 
doi: 10.1186/1471-2334-12-184 
15.  Burillo A, Bouza E (2014) Use of rapid diagnostic techniques in ICU patients with infections. 
BMC Infect Dis 14:593. doi: 10.1186/s12879-014-0593-1 
16.  Liesenfeld O, Lehman L, Hunfeld K-P, Kost G (2014) Molecular diagnosis of sepsis: New aspects 
and recent developments. Eur J Microbiol Immunol 4:1–25. doi: 10.1556/EuJMI.4.2014.1.1 
17.  Leli C, Cenci E, Cardaccia A, et al (2013) Rapid identification of bacterial and fungal pathogens 
from positive blood cultures by MALDI-TOF MS. Int J Med Microbiol IJMM 303:205–209. doi: 
10.1016/j.ijmm.2013.03.002 
18.  Vincent J-L, Brealey D, Libert N, et al (2015) Rapid Diagnosis of Infection in the Critically Ill, a 
Multicenter Study of Molecular Detection in Bloodstream Infections, Pneumonia, and Sterile 
Site Infections. Crit Care Med 43:2283–2291. doi: 10.1097/CCM.0000000000001249 
19.  Salimnia H, Fairfax MR, Lephart PR, et al (2016) Evaluation of the FilmArray Blood Culture 
Identification Panel: Results of a Multicenter Controlled Trial. J Clin Microbiol 54:687–698. doi: 
10.1128/JCM.01679-15 
20.  Cercenado E, Marín M, Burillo A, et al (2012) Rapid detection of Staphylococcus aureus in 
lower respiratory tract secretions from patients with suspected ventilator-associated 
pneumonia: evaluation of the Cepheid Xpert MRSA/SA SSTI assay. J Clin Microbiol 50:4095–
4097. doi: 10.1128/JCM.02409-12 
21.  Sinclair A, Xie X, Teltscher M, Dendukuri N (2013) Systematic review and meta-analysis of a 
urine-based pneumococcal antigen test for diagnosis of community-acquired pneumonia 
18 
 
caused by Streptococcus pneumoniae. J Clin Microbiol 51:2303–2310. doi: 
10.1128/JCM.00137-13 
22.  de Ory F, Minguito T (2009) [Comparison of five commercial assays for the detection of 
Legionella pneumophila antigens in urine]. Enfermedades Infecc Microbiol Clínica 27:81–84. 
doi: 10.1016/j.eimc.2008.03.002 
23.  Emmadi R, Boonyaratanakornkit JB, Selvarangan R, et al (2011) Molecular methods and 
platforms for infectious diseases testing a review of FDA-approved and cleared assays. J Mol 
Diagn JMD 13:583–604. doi: 10.1016/j.jmoldx.2011.05.011 
24.  Schelenz S, Barnes RA, Barton RC, et al (2015) British Society for Medical Mycology best 
practice recommendations for the diagnosis of serious fungal diseases. Lancet Infect Dis 
15:461–474. doi: 10.1016/S1473-3099(15)70006-X 
25.  Bouadma L, Luyt C-E, Tubach F, et al (2010) Use of procalcitonin to reduce patients’ exposure 
to antibiotics in intensive care units (PRORATA trial): a multicentre randomised controlled trial. 
Lancet Lond Engl 375:463–474. doi: 10.1016/S0140-6736(09)61879-1 
26.  de Jong E, van Oers JA, Beishuizen A, et al (2016) Efficacy and safety of procalcitonin guidance 
in reducing the duration of antibiotic treatment in critically ill patients: a randomised, 
controlled, open-label trial. Lancet Infect Dis 16:819–827. doi: 10.1016/S1473-3099(16)00053-
0 
27.  Jensen JU, Hein L, Lundgren B, et al (2011) Procalcitonin-guided interventions against 
infections to increase early appropriate antibiotics and improve survival in the intensive care 
unit: a randomized trial. Crit Care Med 39:2048–2058. doi: 10.1097/CCM.0b013e31821e8791 
28.  Sweeney TE, Shidham A, Wong HR, Khatri P (2015) A comprehensive time-course-based 
multicohort analysis of sepsis and sterile inflammation reveals a robust diagnostic gene set. Sci 
Transl Med 7:287ra71. doi: 10.1126/scitranslmed.aaa5993 
29.  McHugh L, Seldon TA, Brandon RA, et al (2015) A Molecular Host Response Assay to 
Discriminate Between Sepsis and Infection-Negative Systemic Inflammation in Critically Ill 
Patients: Discovery and Validation in Independent Cohorts. PLoS Med 12:e1001916. doi: 
10.1371/journal.pmed.1001916 
30.  Garcia-Simon M, Morales JM, Modesto-Alapont V, et al (2015) Prognosis Biomarkers of Severe 
Sepsis and Septic Shock by 1H NMR Urine Metabolomics in the Intensive Care Unit. PloS One 
10:e0140993. doi: 10.1371/journal.pone.0140993 
31.  Lin S-M, Wang Y-M, Lin H-C, et al (2008) Serum thrombomodulin level relates to the clinical 
course of disseminated intravascular coagulation, multiorgan dysfunction syndrome, and 
mortality in patients with sepsis. Crit Care Med 36:683–689. doi: 
10.1097/CCM.0B013E31816537D8 
32.  Ware LB, Koyama T, Zhao Z, et al (2013) Biomarkers of lung epithelial injury and inflammation 
distinguish severe sepsis patients with acute respiratory distress syndrome. Crit Care Lond Engl 
17:R253. doi: 10.1186/cc13080 
33.  Madonna R, Jiang J, Geng Y-J (2012) Attenuated expression of gelsolin in association with 
induction of aquaporin-1 and nitric oxide synthase in dysfunctional hearts of aging mice 
exposed to endotoxin. Int J Immunopathol Pharmacol 25:911–922. 
19 
 
34.  Armand-Lefèvre L, Angebault C, Barbier F, et al (2013) Emergence of imipenem-resistant gram-
negative bacilli in intestinal flora of intensive care patients. Antimicrob Agents Chemother 
57:1488–1495. doi: 10.1128/AAC.01823-12 
35.  Rubinstein E, Keynan Y (2013) Short-course therapy for severe infections. Int J Antimicrob 
Agents 42 Suppl:S22–24. doi: 10.1016/j.ijantimicag.2013.04.013 
36.  Klompas M (2012) What can we learn from international ventilator-associated pneumonia 
rates? Crit Care Med 40:3303–3304. doi: 10.1097/CCM.0b013e31826bf3a5 
37.  Sugianto TD, Chan H-K (2015) Inhaled antibiotics in the treatment of non-cystic fibrosis 
bronchiectasis: clinical and drug delivery perspectives. Expert Opin Drug Deliv 1–16. doi: 
10.1517/17425247.2015.1078309 
38.  Wong G, Brinkman A, Benefield RJ, et al (2014) An international, multicentre survey of β-
lactam antibiotic therapeutic drug monitoring practice in intensive care units. J Antimicrob 
Chemother 69:1416–1423. doi: 10.1093/jac/dkt523 
39.  Bergen P, Bulitta J, Kirkpatrick C, et al (2016) Effect of different renal function on anti-bacterial 
effects of piperacillin against Pseudomonas aeruginosa evaluated via the hollow fibre infection 
model and mechanism-based modelling. J Antimicrob Chemother. doi: 10.1093/jac/dkw153 
40.  Vincent J-L, De Backer D (2014) My paper 20 years later: effects of dobutamine on the VO₂/DO₂ 
relationship. Intensive Care Med 40:1643–1648. doi: 10.1007/s00134-014-3472-8 
41.  Ronco JJ, Fenwick JC, Tweeddale MG, et al (1993) Identification of the critical oxygen delivery 
for anaerobic metabolism in critically ill septic and nonseptic humans. JAMA 270:1724–1730. 
42.  Asfar P, Meziani F, Hamel J-F, et al (2014) High versus low blood-pressure target in patients 
with septic shock. N Engl J Med 370:1583–1593. doi: 10.1056/NEJMoa1312173 
43.  Angus DC, Barnato AE, Bell D, et al (2015) A systematic review and meta-analysis of early goal-
directed therapy for septic shock: the ARISE, ProCESS and ProMISe Investigators. Intensive Care 
Med 41:1549–1560. doi: 10.1007/s00134-015-3822-1 
44.  De Backer D, Vincent J-L (2016) Early goal-directed therapy: do we have a definitive answer? 
Intensive Care Med 42:1048–1050. doi: 10.1007/s00134-016-4295-6 
45.  Ospina-Tascón GA, Umaña M, Bermúdez WF, et al (2015) Can venous-to-arterial carbon dioxide 
differences reflect microcirculatory alterations in patients with septic shock? Intensive Care 
Med. doi: 10.1007/s00134-015-4133-2 
46.  Vallée F, Vallet B, Mathe O, et al (2008) Central venous-to-arterial carbon dioxide difference: 
an additional target for goal-directed therapy in septic shock? Intensive Care Med 34:2218–
2225. doi: 10.1007/s00134-008-1199-0 
47.  Ospina-Tascón GA, Bautista-Rincón DF, Umaña M, et al (2013) Persistently high venous-to-
arterial carbon dioxide differences during early resuscitation are associated with poor 
outcomes in septic shock. Crit Care Lond Engl 17:R294. doi: 10.1186/cc13160 
48.  Monnet X, Julien F, Ait-Hamou N, et al (2013) Lactate and venoarterial carbon dioxide 
difference/arterial-venous oxygen difference ratio, but not central venous oxygen saturation, 
20 
 
predict increase in oxygen consumption in fluid responders. Crit Care Med 41:1412–1420. doi: 
10.1097/CCM.0b013e318275cece 
49.  De Backer D, Creteur J, Preiser J-C, et al (2002) Microvascular blood flow is altered in patients 
with sepsis. Am J Respir Crit Care Med 166:98–104. 
50.  De Backer D, Donadello K, Sakr Y, et al (2013) Microcirculatory alterations in patients with 
severe sepsis: impact of time of assessment and relationship with outcome. Crit Care Med 
41:791–799. doi: 10.1097/CCM.0b013e3182742e8b 
51.  Perner A, Haase N, Guttormsen AB, et al (2012) Hydroxyethyl starch 130/0.42 versus Ringer’s 
acetate in severe sepsis. N Engl J Med 367:124–134. doi: 10.1056/NEJMoa1204242 
52.  Myburgh JA, Finfer S, Bellomo R, et al (2012) Hydroxyethyl starch or saline for fluid 
resuscitation in intensive care. N Engl J Med 367:1901–1911. doi: 10.1056/NEJMoa1209759 
53.  Haase N, Perner A, Hennings LI, et al (2013) Hydroxyethyl starch 130/0.38-0.45 versus 
crystalloid or albumin in patients with sepsis: systematic review with meta-analysis and trial 
sequential analysis. BMJ 346:f839. 
54.  Perner A, Junttila E, Haney M, et al (2015) Scandinavian clinical practice guideline on choice of 
fluid in resuscitation of critically ill patients with acute circulatory failure. Acta Anaesthesiol 
Scand 59:274–285. doi: 10.1111/aas.12429 
55.  Cecconi M, Hofer C, Teboul J-L, et al (2015) Fluid challenges in intensive care: the FENICE study: 
A global inception cohort study. Intensive Care Med 41:1529–1537. doi: 10.1007/s00134-015-
3850-x 
56.  SAFE Study Investigators, Finfer S, McEvoy S, et al (2011) Impact of albumin compared to saline 
on organ function and mortality of patients with severe sepsis. Intensive Care Med 37:86–96. 
doi: 10.1007/s00134-010-2039-6 
57.  Caironi P, Tognoni G, Masson S, et al (2014) Albumin replacement in patients with severe 
sepsis or septic shock. N Engl J Med 370:1412–1421. doi: 10.1056/NEJMoa1305727 
58.  Patel A, Laffan MA, Waheed U, Brett SJ (2014) Randomised trials of human albumin for adults 
with sepsis: systematic review and meta-analysis with trial sequential analysis of all-cause 
mortality. BMJ 349:g4561. 
59.  Yunos NM, Bellomo R, Glassford N, et al (2015) Chloride-liberal vs. chloride-restrictive 
intravenous fluid administration and acute kidney injury: an extended analysis. Intensive Care 
Med 41:257–264. doi: 10.1007/s00134-014-3593-0 
60.  Young P, Bailey M, Beasley R, et al (2015) Effect of a Buffered Crystalloid Solution vs Saline on 
Acute Kidney Injury Among Patients in the Intensive Care Unit: The SPLIT Randomized Clinical 
Trial. JAMA 314:1701–1710. doi: 10.1001/jama.2015.12334 
61.  Boyd JH, Forbes J, Nakada T, et al (2011) Fluid resuscitation in septic shock: a positive fluid 
balance and elevated central venous pressure are associated with increased mortality. Crit 
Care Med 39:259–265. doi: 10.1097/CCM.0b013e3181feeb15 
21 
 
62.  Dellinger RP, Levy MM, Rhodes A, et al (2013) Surviving Sepsis Campaign: international 
guidelines for management of severe sepsis and septic shock, 2012. Intensive Care Med 
39:165–228. doi: 10.1007/s00134-012-2769-8 
63.  Maybauer MO, Maybauer DM, Enkhbaatar P, et al (2014) The selective vasopressin type 1a 
receptor agonist selepressin (FE 202158) blocks vascular leak in ovine severe sepsis*. Crit Care 
Med 42:e525–533. doi: 10.1097/CCM.0000000000000300 
64.  Walkey AJ, Wiener RS, Ghobrial JM, et al (2011) Incident stroke and mortality associated with 
new-onset atrial fibrillation in patients hospitalized with severe sepsis. JAMA 306:2248–2254. 
doi: 10.1001/jama.2011.1615 
65.  Sprung CL, Annane D, Keh D, et al (2008) Hydrocortisone therapy for patients with septic 
shock. N Engl J Med 358:111–124. doi: 10.1056/NEJMoa071366 
66.  Selepressin Evaluation Programme for Sepsis-Induced Shock - Adaptive Clinical Trial (SEPSIS-
ACT).  
67.  Linder A, Lee T, Fisher J, et al (2016) Short-Term Organ Dysfunction Is Associated With Long-
Term (10-Yr) Mortality of Septic Shock. Crit Care Med 44:e728–736. doi: 
10.1097/CCM.0000000000001843 
68.  Chawla LS, Busse L, Brasha-Mitchell E, et al (2014) Intravenous angiotensin II for the treatment 
of high-output shock (ATHOS trial): a pilot study. Crit Care Lond Engl 18:534. doi: 
10.1186/s13054-014-0534-9 
69.  Kirov MY, Evgenov OV, Evgenov NV, et al (2001) Infusion of methylene blue in human septic 
shock: a pilot, randomized, controlled study. Crit Care Med 29:1860–1867. 
70.  Donati A, Conti G, Loggi S, et al (2002) Does methylene blue administration to septic shock 
patients affect vascular permeability and blood volume? Crit Care Med 30:2271–2277. doi: 
10.1097/01.CCM.0000029185.70149.5F 
71.  Wang Z, Lambden S, Taylor V, et al (2014) Pharmacological inhibition of DDAH1 improves 
survival, haemodynamics and organ function in experimental septic shock. Biochem J 460:309–
316. doi: 10.1042/BJ20131666 
72.  Russell JA (2016) Genomics and pharmacogenomics of sepsis: so close and yet so far. Crit Care 
Lond Engl 20:185. doi: 10.1186/s13054-016-1374-6 
73.  Nakada T-A, Russell JA, Boyd JH, et al (2010) beta2-Adrenergic receptor gene polymorphism is 
associated with mortality in septic shock. Am J Respir Crit Care Med 181:143–149. doi: 
10.1164/rccm.200903-0332OC 
74.  Nakada T, Russell JA, Wellman H, et al (2011) Leucyl/cystinyl aminopeptidase gene variants in 
septic shock. Chest 139:1042–1049. doi: 10.1378/chest.10-2517 
75.  Lasker MV, Leventhal SM, Lim D, et al (2015) Hyperactive Human Glucocorticoid Receptor 
Isoforms and their Implications for the Stress Response. Shock Augusta Ga 43:228–232. doi: 
10.1097/SHK.0000000000000289 
76.  Bentzer P, Fjell C, Walley KR, et al (2016) Plasma cytokine levels predict response to 
corticosteroids in septic shock. Intensive Care Med. doi: 10.1007/s00134-016-4338-z 
22 
 
77.  Nakada T, Russell JA, Boyd JH, et al (2011) Association of angiotensin II type 1 receptor-
associated protein gene polymorphism with increased mortality in septic shock. Crit Care Med 
39:1641–1648. doi: 10.1097/CCM.0b013e318218665a 
78.  Morelli A, Ertmer C, Westphal M, et al (2013) Effect of heart rate control with esmolol on 
hemodynamic and clinical outcomes in patients with septic shock: a randomized clinical trial. 
JAMA 310:1683–1691. doi: 10.1001/jama.2013.278477 
79.  Shahul S, Gulati G, Hacker MR, et al (2015) Detection of Myocardial Dysfunction in Septic 
Shock: A Speckle-Tracking Echocardiography Study. Anesth Analg 121:1547–1554. doi: 
10.1213/ANE.0000000000000943 
80.  Vieillard-Baron A, Slama M, Cholley B, et al (2008) Echocardiography in the intensive care unit: 
from evolution to revolution? Intensive Care Med 34:243–249. doi: 10.1007/s00134-007-0923-
5 
81.  Hayes MA, Timmins AC, Yau EH, et al (1994) Elevation of systemic oxygen delivery in the 
treatment of critically ill patients. N Engl J Med 330:1717–1722. doi: 
10.1056/NEJM199406163302404 
82.  Schmittinger CA, Torgersen C, Luckner G, et al (2012) Adverse cardiac events during 
catecholamine vasopressor therapy: a prospective observational study. Intensive Care Med 
38:950–958. doi: 10.1007/s00134-012-2531-2 
83.  Wang Q, Yokoo H, Takashina M, et al (2015) Anti-Inflammatory Profile of Levosimendan in 
Cecal Ligation-Induced Septic Mice and in Lipopolysaccharide-Stimulated Macrophages. Crit 
Care Med 43:e508–520. doi: 10.1097/CCM.0000000000001269 
84.  Koster G, Wetterslev J, Gluud C, et al (2015) Effects of levosimendan for low cardiac output 
syndrome in critically ill patients: systematic review with meta-analysis and trial sequential 
analysis. Intensive Care Med 41:203–221. doi: 10.1007/s00134-014-3604-1 
85.  Zangrillo A, Putzu A, Monaco F, et al (2015) Levosimendan reduces mortality in patients with 
severe sepsis and septic shock: A meta-analysis of randomized trials. J Crit Care. doi: 
10.1016/j.jcrc.2015.05.017 
86.  Orme RML, Perkins GD, McAuley DF, et al (2014) An efficacy and mechanism evaluation study 
of Levosimendan for the Prevention of Acute oRgan Dysfunction in Sepsis (LeoPARDS): protocol 
for a randomized controlled trial. Trials 15:199. doi: 10.1186/1745-6215-15-199 
87.  Perner A, Myburgh J (2015) Ten “short-lived” beliefs in intensive care medicine. Intensive Care 
Med 41:1703–1706. doi: 10.1007/s00134-015-3733-1 
88.  Ibrahim-Zada I, Rhee P, Gomez CT, et al (2014) Inhibition of sepsis-induced inflammatory 
response by β1-adrenergic antagonists. J Trauma Acute Care Surg 76:320–327; discussion 327–
328. doi: 10.1097/TA.0000000000000113 
89.  Ruchala P, Nemeth E (2014) The pathophysiology and pharmacology of hepcidin. Trends 
Pharmacol Sci 35:155–161. doi: 10.1016/j.tips.2014.01.004 
90.  Pieracci FM, Stovall RT, Jaouen B, et al (2014) A multicenter, randomized clinical trial of IV iron 
supplementation for anemia of traumatic critical illness*. Crit Care Med 42:2048–2057. doi: 
10.1097/CCM.0000000000000408 
23 
 
91.  Rohde JM, Dimcheff DE, Blumberg N, et al (2014) Health care-associated infection after red 
blood cell transfusion: a systematic review and meta-analysis. JAMA 311:1317–1326. doi: 
10.1001/jama.2014.2726 
92.  Lacroix J, Hébert PC, Fergusson DA, et al (2015) Age of transfused blood in critically ill adults. N 
Engl J Med 372:1410–1418. doi: 10.1056/NEJMoa1500704 
93.  Steiner ME, Ness PM, Assmann SF, et al (2015) Effects of red-cell storage duration on patients 
undergoing cardiac surgery. N Engl J Med 372:1419–1429. doi: 10.1056/NEJMoa1414219 
94.  Holst LB, Petersen MW, Haase N, et al (2015) Restrictive versus liberal transfusion strategy for 
red blood cell transfusion: systematic review of randomised trials with meta-analysis and trial 
sequential analysis. BMJ 350:h1354. 
95.  Holst LB, Haase N, Wetterslev J, et al (2014) Lower versus higher hemoglobin threshold for 
transfusion in septic shock. N Engl J Med 371:1381–1391. doi: 10.1056/NEJMoa1406617 
96.  Murphy GJ, Pike K, Rogers CA, et al (2015) Liberal or restrictive transfusion after cardiac 
surgery. N Engl J Med 372:997–1008. doi: 10.1056/NEJMoa1403612 
97.  Patel NN, Avlonitis VS, Jones HE, et al (2015) Indications for red blood cell transfusion in 
cardiac surgery: a systematic review and meta-analysis. Lancet Haematol 2:e543–553. doi: 
10.1016/S2352-3026(15)00198-2 
98.  Docherty AB, O’Donnell R, Brunskill S, et al (2016) Effect of restrictive versus liberal transfusion 
strategies on outcomes in patients with cardiovascular disease in a non-cardiac surgery setting: 
systematic review and meta-analysis. BMJ 352:i1351. 
99.  NICE guidelines [NG24] - Blood transfusion.  
 
  
24 
 
Table 1. New sepsis terms and definitions 
 Sepsis is defined as life-threatening organ dysfunction due to a dysregulated host 
response to infection 
 Organ dysfunction can be identified as an acute change in total SOFA score ≥2 points 
consequent to the infection. The baseline SOFA score can be assumed to be zero in 
patients not known to have pre-existing organ dysfunction. 
 Septic shock is a subset of sepsis where underlying circulatory and cellular/metabolic 
abnormalities are profound enough to substantially increase mortality 
 Patients with septic shock can be identified using a clinical construct of sepsis with 
persisting hypotension requiring vasopressors to maintain MAP ≥65 mmHg, AND a 
blood lactate >2 mmol/l persisting after adequate fluid resuscitation 
 qSOFA (‘quickSOFA’) is a rapid bedside screen to identify community, emergency department 
and ward patients at risk of having sepsis (as confirmed by subsequently measuring a change 
in SOFA ≥2). Patients with suspected infection having two or more of: systolic BP ≤100 mmHg, 
altered mentation and/or respiratory rate ≥22 breaths/min have a significantly increased risk 
of dying compared to those with 0 or 1 qSOFA criteria measured around the time cultures are 
taken and antibiotics commenced 
 N.B. Systemic Inflammatory Response Syndrome – SIRS - and severe sepsis are now 
redundant for the diagnosis of sepsis and sepsis-related organ dysfunction. 
SOFA: severity organ failure assessment; MAP: mean arterial pressure. 
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Table 2. Novel vasopressors, their additional potential benefits, current trial development status and 
relevant biomarkers 
Drug Receptor Activity/ 
Mechanism of 
Vasoconstriction 
Possible 
Additional 
Beneficial Actions 
Trial 
Development 
Phase 
Possible Relevant 
Biomarkers 
Selepressin V1a agonist  Ang-2 
 vascular leak 
IIB/III LNPEP 
Ang-2 
Vasopressin/copeptin 
Angiotensin-II Angiotensin II 
receptor agonist 
 vasopressin 
 erythropoietin 
III AGTRAP 
Methylene blue cGMP antagonist  vascular leak NA  
L-257  Selective inhibitor 
of DDAH1 
Norepinephrine 
dose 
 
Pre-clinical Expired NO metabolites 
Plasma nitrite/nitrate 
AGTRAP: angiotensin type II receptor-associated protein; Ang-2: angiopoietin-2; DDAH1: 
dimethylarginine dimethylaminohydrolase; LNPEP: Leucyl/cystinyl aminopeptidase is also known as 
vasopressinase; cGMP: cyclic GMP. 
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Table 3. Selected processes for imminent improvements in sepsis care 
Therapeutic or diagnostic area Process 
Definitions Continued iterative process, which should  
challenge and modify the definitions 
 
Microorganisms and biomarkers Testing of omics driven diagnostic and 
stratification of patients 
 
Antibiotics Therapeutic drug monitoring for more and 
more antibiotics 
 
Haemodynamic triggers and targets Testing of protocols driven by PvaCO2 and 
markers of microcirculatory impairment  
 
Fluids Testing of different volumes of fluids and 
different crystalloid solutions 
 
Vasopressors and inotropes Development and testing of non-
catecholamines 
 
Blood Testing different transfusion strategies in 
subgroups of high risk 
 
Testing iron supplementation 
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Figure legends 
Fig. 1. A tentative algorithm  of veno-arterial differences in CO2 (PvaCO2) based on physiological 
interpretation of human and experimental studies. In the model central venous O2 saturation (ScvO2) 
is assessed as a marker of low cardiac output.  
